a2 United States Patent

US009102391B2

(10) Patent No.: US 9,102,391 B2

Brutoco 45) Date of Patent: Aug. 11, 2015
(54) HYDROGEN LIGHTER-THAN-AIR CRAFT USPC oot 244/24, 30, 125
STRUCTURE See application file for complete search history.
(71) Applicant: Rinaldo Brutoco, Ojai, CA (US) (56) References Cited
(72) Inventor: Rinaldo Brutoco, Ojai, CA (US) U.S. PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this I g;g’ﬁg ﬁ : léﬁgég Is{sglilfriéf """""""""""" 2441125
patent is extended or adjusted under 35 2362966 A 11/1944 Bertsch
U.S.C. 154(b) by 196 days. 3,129911 A *  4/1964 Fitzpatrick .................... 244/125
3,201,065 A 8/1965 Dunn
(21) Appl. No.: 13/855,923 3,620,485 A 11/1971 Gelhard ........ccccceoovinns 244/29
3,971,533 A 7/1976 Slater ......ccoceeeeveieenenne 244/30
o 3,972,492 A 8/1976 Milne
(22)  Filed: Apr. 3,2013 4,009,850 A 3/1977 Hickey .. 244/115
. L. 4,032,085 A 6/1977 Papst ...... ... 244/30
(65) Prior Publication Data 4,085,912 A 4/1978  Slater .......ccoovvevvvcrnrnennn. 244/25
US 2014/0124625 Al May 8, 2014 (Continued)
Related U.S. Application Data FOREIGN PATENT DOCUMENTS
(63) Continuation-in-part of application No. 13/716,281, WO WO 2005/019025 3/2005
filed on Dec. 17,2012, now Pat. No. 8,820,681, which
is a continuation of application No. 12/290,453, filed OTHER PUBLICATIONS
on Oct. 29, 2008, now Pat. No. 8,336,810. PCT Search Report and Written Opinion PCT/US09/53339 Aug. 11,
2009 (supplied in parent case U.S. Appl. No. 12/290,453).
(51) Int.ClL Continued
B64B 1/08 (2006.01) ¢ )
B64B VI8 (2006.01) Primary Examiner — Joseph W Sanderson
B64B 1/12 (2006.01) : .
B64B 120 (2006.01) (74) Attorney, Agent, or Firm — Clifford H. Kraft
B64B 1/32 (2006.01) 57 ABSTRACT
B64B 1/62 (2006.01) 7) ) ) )
B64B 1/66 (2006.01) A system for efficiently transporting hydrogen from where it
B64B 1/58 (2006.01) can be eponpmlca}ly made to where it is most needed includ-
(52) US.Cl ing an airship having an exoskeleton made up of equal length
NS . . spokes and equal sized hubs with six spokes terminating at
CPC ... B64B 1/08 (2013.01): B64B 1/12 (2013.01); each hub forming a set of hexagons. This set of connected
ggjg ;gg (38} g 81)’ ggjg Z_ng (38128})’ hexagons forms the 3-dimensional shape of the ship by allow-
( 01); ( 01); ing various spokes to flex to different radii. A skin is attached
B64B 1/62 (2013.01); B64B 1/66 (2013.01) external to the exoskeleton.
(58) Field of Classification Search

CPC ... B64B 1/06; B64B 1/08; B64B 1/18

20 Claims, 11 Drawing Sheets




US 9,102,391 B2

Page 2
(56) References Cited 7,303,166 B2 12/2007 Geery ......ccoovvvvrvverennnn. 244/30
7,316,197 B2* 1/2008 Herrmann ..................... 114/312
U.S. PATENT DOCUMENTS 7,354,636 B2 4/2008 Lavan et al.
7,356,390 B2 4/2008 Knoblachet al. ................. 701/4
4,113,206 A * 9/1978 Wheeler .......cccccocoovrvnnnn. 244/31 7,735,777 B2 6/2010 Zubrin et al.
4,272,042 A 6/1981 Slater ... 244/115 2002/0130220 Al 9/2002 Sparksetal. ... 244/128
4,364,532 A 12/1982 Stark .. 244730 2003/0080245 Al 5/2003 Breenberg
4,773,617 A 9/1988 McCampbell .. 244)24 2003/0141410 Al 7/2003 Senepart ........ccccoovuvnne. 244/96
4,934,631 A 6/1990 Birbas .......... .. 244/30 2004/0104304 Al 6/2004 Parmley . .. 244/30
5,143,322 A 9/1992 Mason ............ . 244/96 2004/0245382 Al 12/2004 Nozaki .. .. 244/53
5,147,429 A 9/1992 Bartholomew et al. ......... 55/356 2005/0236519 Al 10/2005 Handley ... . 244/97
5,348,254 A 9/1994 Nakada . . 244/97 2006/0065777 Al 3/2006 Walden et al. .. 244/97
5,368,067 A 11/1994 Cook ... 137/485 2006/0117675 Al* 6/2006 Herrmann ..... . 52/81.1
5,538,203 A 7/1996 Mellady ... . 244/97 2006/0174965 Al 8/2006 Hobbs .... .. 244/97
5,645,248 A * 7/1997 Campbell 244730 2006/0231678 Al  10/2006 Nagy ... .. 244/30
5,823,468 A * 10/1998 Bothe ...... . 244/2 2007/0069077 Al 3/2007 Colting .. 244/128
5,800,676 A 4/1999 Coleman et al. 244/128 2007/0102571 AL 5/2007 CoMing .........ccccovvvvvvrnr, 244730
6,056,240 A *  5/2000 Hagenlocher ... 244/125 2007/0138006 Al 6/2007 Oakes et al.
6,131,851 A 10/2000 Williams ..... . 044/58 2008/0035787 Al 2/2008 Thompson ................. 244/97
6,189,829 Bl 2/2001 BIOLZ .coooommmrrrecriirnrrnrreces 244/30 2008/0038061 Al 2/2008 Morse
6,311,925 Bl 11/2001 RiSt oocoovvvvrerrrenrrcnrinenn. 244/30 2008/0210810 AL ~ 9/2008 Parmley
6,328,257 Bl 12/2001 Schafer .... .. 244/30 2008/0223986 Al*  9/2008 Kaye ..o 244/119
6,354,535 Bl 3/2002 Perry et al. 24424 2013/0146703 Al* 6/2013 Pecnik ... .. 244/30
6,527,223 B1* 3/2003 Mondale ...... 244730 2013/0277496 Al* 10/2013 Kraus ... 244/25
6,581,873 B2 6/2003 McDermott . .. 244/25
6,648,272 Bl 11/2003 Kothmann ...................... 244/97 OTHER PUBLICATIONS
6,715,712 B2 4/2004 Boschma
6,722,396 Bl 4/2004 Sillat et al. « . .
6.769.493 Bl 8/2004 Fima ot al. oo 169/53 J. .Bro.wn & R. Brutoco, “Freedom from Mid-East Oil”, 2007 (sup-
6,896,222 B2 5/2005 Dossas et al. w.ccooomrrrreees 244/24  Dplied in parent case U.S. Appl. No. 12/290,453).
7,275,569 B2 10/2007 . 141/97
7,287,558 B2 10/2007 141/97 * cited by examiner




US 9,102,391 B2

Sheet 1 of 11

Aug. 11, 2015

U.S. Patent

801 >

1431} uanias uo peojAed
o31ed jo uoljeodsuely 1oy

98esn 9)21yaaA Jie-ueyl-191y31]

L0

A

A\
lamod saill|10e) paxty
pue uoilepiodsues) 10y 83IN0S
A81aua uea)d se a8esn ‘Y

90T \

/]

sadid pue siaulejuod se
yons sueauwl [BUCIIUBAUOD BIA
¢H Jo uonnqLisiq

SO

A

™

921N0S |an} dAlleUI)jE Ue
se ua3doapAy Jo} pasu ayl yiim
19)Jew ay3 Jeau a8el01s °H

/

T "o

—~
“H ss20x3
PYOT—~
Spasu |e3M123|2 pJeoq-up
WOT—F
HN1
qy0T—<
ASuaud uois|ndaoid
eyoT— ~
1odsues; ¢4
/ 70T
uornesaua8 A1211129]2 uespd
60T 1502 M0} SuldOAe) 924n0S3l

|eanjeu ay3 Jeau a8elo}s °H

1 N—€0T

ot
N\

924Nn05 184) wouy ANdM13|9
Buisn Ja1em wouy °H s1esauad
0} ssa20ud sISA|04199]3 3s
/

HOHJ

uoiesaual A1d1412919 uea|d

> 1503 MOJ| J0AR) SDIN)ED) [RANIRU
asoym uoijeao] Ajusp)




US 9,102,391 B2

Sheet 2 of 11

Aug. 11, 2015

U.S. Patent




US 9,102,391 B2

Sheet 3 of 11

Aug. 11, 2015

U.S. Patent

2 008 2 2 2 o e

€ Ol

UGQOE

UEDE

9T0¢

P30t proe
_

I50¢
/

qS0€
/

PEOE

PCOE

IEOE

4q90¢
IC0E

qcoe

qe0ELIN,

€90¢

€S0t

ecoe

ecot

[Ty,

10t

00¢



U.S. Patent Aug. 11, 2015

301

/

/

HIGH PRESSURE

Sheet 4 of 11

US 9,102,391 B2

VENT

3056

309

HYDROGEN

LOW PRESSURE
HYDROGEN

PUMP

-

306

BLADDER

302

308

PUMP

FIG. 4



U.S. Patent Aug. 11, 2015 Sheet 5 of 11 US 9,102,391 B2

404

FIG. 5A



U.S. Patent Aug. 11, 2015 Sheet 6 of 11 US 9,102,391 B2

401 402

400

FIG. 5B



US 9,102,391 B2

Sheet 7 of 11

Allg, 11, 2015

U.S. Patent

[
¥
K/
!

\

N/ ANV ANY.

\VAYAVAVAY
A

VA

FIG. 6



SN0
G
i

FIG. 7




U.S. Patent Aug. 11, 2015 Sheet 9 of 11 US 9,102,391 B2

FiG. 8A

FiIG. 8B



U.S. Patent Aug. 11, 2015 Sheet 10 of 11 US 9,102,391 B2




U.S. Patent Aug. 11, 2015 Sheet 11 of 11 US 9,102,391 B2

410
411

FIG. 10



US 9,102,391 B2

1
HYDROGEN LIGHTER-THAN-AIR CRAFT
STRUCTURE

This is a continuation-in-part of application Ser. No.
13/716,281 filed Dec. 17, 2012 which was a continuation of
application Ser. No. 12/290,453 filed Oct. 29, 2008, now U.S.
Pat. No. 8,336,810. Application Ser. Nos. 13/716,281 and
12/290,453 are hereby incorporated by reference in their
entireties.

BACKGROUND

1. Technical Field of the Invention

The present invention relates generally to the fields of
production of carbon-free alternative energy sources, trans-
portation of gases, and aircraft design, and more particularly
to a system, method and apparatus employing a specially-
designed airship for transporting hydrogen from where it is
generated, in a preferred embodiment via geothermal- or
wind-powered electrolysis, to where the hydrogen is needed
as an alternative energy source. Alternative embodiments of
the invention include applications for economical transporta-
tion of cargo and passengers, as well as for transporting water
to help recharge areas that are adversely impacted by the
depletion of traditional glacial and snowpack sources.

2. Description of the Prior Art

In Freedom from Mid-East Oil, a book co-authored by the
inventor, the case is made for the proposition that “Humanity
now stands at the pinnacle of the Hydrocarbon Age, in which
energy is developed by burning . . . hydrocarbons. [ . . . |
Hydrocarbons powered all of the advances of the Industrial
Age. However, our hydrocarbons of choice—from coal and,
eventually, to oil and gas—are wreaking devastation on the
ecosystem. Moreover, their dwindling supply makes this
form of energy increasingly less viable.”

Accordingly, “the most important domestic and foreign
policy challenge [we face] is achieving energy efficiency and
independence from Middle East oil—and ultimately all
imported oil. [ . . . ] Oil production is at 99% of full capacity,
and . . . increased demand by China, India, and other devel-
oping nations will devour any surplus caused by U.S. effi-
ciency measures or economic downturn, keeping oil prices
relatively high. From now on, the global demand for oil will
grow faster than production capacity . . . . The only nations
somewhat protected from economic hardships will be those
that take definitive action to achieve energy independence
from fossil fuels.”

“The hydrogen economy is the only reliable long-term
solution to the energy and climate crises confronting civili-
zation. There is now no other technology option that can
safely produce clean energy to power transportation systems
and our stationary infrastructure to sustain current levels of
global prosperity, let alone increase these levels to sustain our
fellow planetary citizens.”

It is widely known that hydrogen is the most abundant
element in the universe, and one of the most abundant on
Earth, found in numerous materials including water, natural
gas and biomass. In its molecular form, hydrogen can be used
directly as a fuel—for example, to drive a vehicle or heat
water—or indirectly to produce electricity for industrial,
transport and domestic use. The huge advantage that hydro-
gen has over other fuels is that it is non-polluting since pri-
marily the only by-product of its combustion is water.

Currently, the most common method for producing hydro-
gen is via the catalytic steam reforming of methane to produce
hydrogen and carbon monoxide; and then further reforming
the carbon monoxide to produce additional hydrogen, if
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required. However, natural gas is not a renewable source of
fuel, and the steam reforming process to make hydrogen
ultimately contributes to the worldwide increase in global
emissions of carbon dioxide. Accordingly—although (except
for unique conditions as described herein) it is currently more
costly—the most promising method of producing hydrogen
in the long-term is the electrolytic splitting of water (elec-
trolysis), in which an electric current is passed through water,
decomposing it into hydrogen at the negatively charged cath-
ode and oxygen at the positive anode. If the electricity used to
split the water is generated from a renewable source such as
solar, wind, biomass, wave, tidal, geothermal or hydropower,
then there is the potential to sustainably produce hydrogen in
a non-polluting manner.

At unique locations where natural geologic or climatic
conditions make it possible to economically use such renew-
able sources to produce electricity, the feasibility of inexpen-
sively producing hydrogen in a non-polluting manner is being
demonstrated. For example, the Big Island of Hawaii cur-
rently uses geothermal energy to produce more than 15% of
its electricity and has the potential of generating 100% if it
determines to do so. Hawaii has also successfully demon-
strated the use of wind-generated power, and recently
approved creating a demonstration project to show the tech-
nological and economic feasibility of using excess geother-
mal power produced during non-peak hours to create hydro-
gen from water, using electrolysis. This demonstration
project, along with a similar project that is being undertaken
in Iceland, reveal the potential for using our vast geothermal
resources—a clean, renewable, continuous and reliable
energy resource produced by tapping the heat stored in the
Earth’s crust—to produce massive quantities of hydrogen at a
far lower cost and reduced environmental impact than by any
other process.

However, these places where natural conditions favor the
most economical access to such renewable sources for pro-
ducing hydrogen in a non-polluting manner are not com-
monly situated in the same location where the largest demand
occurs. For example, even on the Island of Hawaii itself, there
are significant discrepancies between the location of the
major power generators, approximately 85% of which
according to a 2006 study conducted by the U.S. Department
of Energy Office of Energy Efficiency and Renewable
Energy, are concentrated on the eastern side of the Island,
versus the locus of the Island’s major population and energy
consumption requirements, which occurs on its western side.

This challenge of physical separation between the location
where hydrogen can be most economically produced from
renewable energy sources such as geothermal, wind, wave,
tidal or hydropower, and the places where it is (or is likely to
be) most severely needed, is typical across the U.S. as well as
globally. Accordingly, in order for this low-cost, carbon-free
energy alternative to be meaningful beyond the limited num-
ber of places where, as an example, molten rock and super-
heated water and steam occur relatively close to the Earth’s
surface, will require an improved means for transporting the
gas from these geologically ideal production sites to where
the hydrogen is most needed as an alternative energy source,
but without using high-powered transmission lines or a vast
network of hydrogen gas pipelines. Similar needs exist with
respect to the natural conditions that favor wind generation;
or areas that favor solar, wave, tidal or hydropower-based
generation. In each of these cases, nature has created features
that favor comparatively low cost, clean electricity genera-
tion, the current from which can be used to electrolyze hydro-
gen from water. Since the technologies for creating, storing,
condensing and utilizing hydrogen are well known and
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widely available, what is missing is a system and method of
efficiently and safely transporting the hydrogen from where
these natural conditions occur to where there exists a market
need for this alternative energy resource.

This need for an improved method to deliver hydrogen
from the place where it can be most economically produced
with the least adverse environmental consequences to the
place where it is needed is emphasized by a paper entitled
“The Future of the Hydrogen Economy: Bright or Bleak”
Authored by Swiss scientists, B. Eliasson, U. Bossel and G.
Taylor. This April 2003 paper (revised in February 2005)
analyzes the energy needed to deliver hydrogen using a num-
ber of different methods, and concludes that the energy
needed to package and deliver the gas to end users would
consume most of hydrogen’s energy.

In it, the authors write that “hydrogen, like any other com-
mercial product, is subject to several stages between produc-
tion and use. [ . . . | Whether generated by electrolysis or by
chemistry the gaseous or liquid hydrogen has to undergo
these market processes before it can be used by the customer.
[...]Forreasons of overall energy efficiency, packaging and
transport of hydrogen should be avoided if possible. Conse-
quently, hydrogen may play a role as local energy storage
medium, but it may never become a globally traded energy
commodity. [ . . . ] The analysis shows that transporting
hydrogen gas by pipeline over thousands of kilometers would
suffer large energy losses. Moreover, in practice, the demands
on materials and maintenance would probably result in pro-
hibitive levels of leakage and system costs. Furthermore, the
analysis shows that compression or liquefaction of the hydro-
gen, and transport by trucks would incur large energy losses.”

This is the commonly held perception today, and demon-
strates the long-standing need for the system, method and
apparatus of the present invention.

SUMMARY OF THE INVENTION

The present invention relates to efficiently transporting
hydrogen from where it can be economically made to where
it is most needed using specially designed airships. Technolo-
gies such as geothermal, wind, solar, wave tidal or hydro-
power can be used to generate electricity in-situ or very near
to the primary energy sources. This electricity can then be
used to produce hydrogen directly from water through vari-
ous methods known in the art.

The present invention then utilizes an improved means to
deliver hydrogen from the place where it is produced to the
place where it is needed using an airship in which the hydro-
gen gas can also be used for generating lift, providing pro-
pulsion energy and serving ancillary needs. In other embodi-
ments of the invention, the airship of the present invention can
be used to dramatically reduce the cost of transportation of
freight, the cost of passenger transportation, and to save on
the area required for landing at the points of loading and
embarkation, and unloading and debarkation. And in another
embodiment, the airship of the present invention can be used
for transporting water to areas that are adversely impacted by
low rainfall and the depletion of traditional glacial and snow-
pack sources, and for transporting food and supplies from
areas where such goods are plentiful to more remote areas that
must import them.

The present invention can be realized in several embodi-
ments using an exoskeleton structure. The exoskeleton can be
made completely from equal length beams and equal sized
hubs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block flow diagram illustrating how the system
of'the present invention may be used to produce and transport
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hydrogen from the place where the gas is generated to the area
where the hydrogen is needed as an alternative energy source.

FIG. 2 depicts an exterior side-view of an embodiment of
an airship according to the present invention.

FIG. 2A shows a possible embodiment of the mounting of
a flap.

FIG. 2B shows an embodiment of the mounting of a rotat-
able engine.

FIG. 2C shows the use of a drone device to accomplish
docking.

FIG. 3 is an interior side view of the airship of FIG. 2,
showing hydrogen storage compartments and a controlled
bladder system.

FIG. 4 shows a tank/bladder system.

FIGS. 5A-5B show an alternative embodiment of an air-
ship.

FIG. 6 shows a particular exoskeleton structure for the
frame of an airship.

FIG. 7 shows a different view of an exoskeleton.

FIG. 8 A shows details of a hexagon exoskeleton structure.

FIG. 8B shows exoskeleton tubing coming together at a
hub.

FIGS. 9A-9B show details of a hub assembly.

FIG. 10 shows how the ships curvature is achieved.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a system and method of
using natural locations where the existence of geothermal,
wind, solar, wave, tidal or hydropower-based conditions favor
the generation of electricity that can be used to generate
hydrogen from water using electrolysis, and then employing
specially designed airships to transport that hydrogen gas
from the location where the gas is produced to the place where
it is needed as an alternative fuel source. Because the airship
contains hydrogen gas, which is approximately 14 times
lighter than air, the craft can carry quite a substantial payload,
which in a preferred embodiment is at least a substantial
quantity of hydrogen gas itself as a payload.

The craft’s maneuverability in taking off, landing and
changing directions is enhanced through one or more engine
mounts that permit the preferably hydrogen-fueled engines to
rotate and pivot so that they provide upward or downward
thrust, either vertically or at an acceptable angle of ascent or
descent, as well as in a lateral plane so that the engines may
act like thrusters on a boat.

Turning to FIG. 1, a block flow diagram can be seen illus-
trating how in one embodiment, the present invention may be
used to produce and transport hydrogen from the place where
natural conditions favor the clean, comparatively low cost
production of electricity that can be used to generate hydro-
gen from water via electrolysis, to the area where the hydro-
gen is needed as an alternative energy source. Block 101
indicates that the first step involves the identification of a
location where the natural conditions or features favor com-
paratively low cost, clean electricity generation.

There are a number of places where such favorable natural
conditions are present. These include places where substan-
tial electricity is presently being generated on a commercial
scale, such as in Hawaii, Iceland and Northern California,
where molten rock and superheated water and steam occur
relatively close to the Earth’s surface, or where adequate heat
can be tapped such that injected water to the heat source can
economically generate electricity, in each such case thereby
favoring geothermal production of hydrogen from such elec-
tricity in a preferred embodiment of the invention In other
embodiments, the location may rely upon favorable condi-
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tions for wind generation, such as along the North Sea, the
southern tip of South America, the Australian island of Tas-
mania, and certain locations in North America where rela-
tively continuous high wind velocity is present. Alternatively,
it may relate to ideal solar conditions, such as in the Pacific
Ocean, south of Hawaii, in the Sahara, the nation of Niger,
and certain parts of Australia; as well as locations that are
ideally suited to power generation from wave energy, tidal
flow production, and hydropower, which power is then con-
verted into hydrogen.

Block 102 indicates that at one or more of these locations
where nature has created features that favor comparatively
low cost, clean electricity generation, known technologies are
used to generate hydrogen from water using electrolysis.
Block 103 illustrates that the hydrogen gas generated by this
means will be temporarily stored on site or in close proximity
to where it is produced, pending the arrival of a suitable
transport vehicle. In step 104, the hydrogen is transported
from the place where these natural resources occur—which is
often in a relatively remote location—to places where there is
a market need for this alternative energy source.

As illustrated by blocks 104a through 1044, the preferred
method of transporting the hydrogen uses the hydrogen itself
to provide propulsion energy for the craft, 104a; and takes
advantage of the lighter-than-air quality of the gas to provide
lift, 1045, thereby materially reducing the energy needed for
transporting the payload. Additionally, the preferred method
for transporting the hydrogen also utilizes the hydrogen for all
on-board electrical ancillary needs, 104c. Accordingly,
through practicing the present invention, the excess hydro-
gen, 1044, can be delivered to the location where the gas is
needed as an alternative energy source with little to no car-
bon-fuel consumption. In a preferred embodiment of the
invention, these attributes are fulfilled by a specially designed
airship 200 such as described with regard to FIG. 2, below.

Once at the desired destination, the excess hydrogen, 1044,
can be moved off the airship to storage, illustrated by block
105. From this storage location, the hydrogen can be com-
busted at an electricity generating plant or distributed to other
end use locations using conventional means such as pressur-
ized and non-pressurized portable containers and pipelines,
illustrated by block 106, to both resellers and/or end users of
the clean energy source. This step is in turn illustrated by
block 107. Block 108, entitled

“Lighter-than-air vehicle usage for transportation of cargo
payload on return flight,” illustrates another principle of one
preferred embodiment, which involves utilizing the craft’s
return flights for the purpose of carrying passengers and/or a
cargo payload, as illustrated by line 109, particularly where
such payload may be useful to fulfilling particular needs
associated with the location of the natural features that favor
low cost clean electricity generation referenced in block 101.
In particular, a return flight (or any flight) can carry water,
food or other cargo necessary for life from a location where it
is abundant to a location where it is needed.

Turning next to FIG. 2, it will be observed that FIG. 2
depicts an exterior side view of an embodiment of an airship
200 according to the present invention. The airship 200 pref-
erably includes an exterior shell 201 having a front portion
202, arear portion 203 and a main axis 204. According to one
embodiment of the airship 200, the exterior skin 201 may be
made from a carbon fiber composite, film laminate or an
equivalent material such as a Paramid Synthetic Fiber KEV-
LAR™ or other high-strength ballistic nylon, and/or may be
coated with fluorocarbon polymer such as Polytetrafluoroet-
hylene TEFLON™ or other similar materials that will mini-
mize the overall weight of craft 200 while at the same time
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providing a protective outer coating and minimal air resis-
tance. KEVLAR™ and TEFLON™ are registered trade-
marks belonging to the DuPont Corporation of Wilmington
DE. Any material with suitable properties for forming an
exterior skin is within the scope of the present invention.

Bodies that generate lift, and/or the term lifting bodies,
refers to an aircraft configuration where the body of the craft
itself (with or without wings) produces lift, such as a fuselage
that generates lift without the shape of a typical thin and flat
wing structure. Lifting bodies generally minimize the drag
and structure of a wing, and provide the best trade-off in terms
of maneuverability and aerodynamics. Thus, in a preferred
embodiment, the exterior shape of airship 200 will be
designed to apply the principles of lifting bodies to conven-
tional dirigible design.

FIG. 2 also shows one or more optional external flaps, 206a
and 2064, located on each side of the craft along main axis
204; and 206¢ at the rear that can function as an elevator flap.
Additionally, one or more optional single rudder, dual rudders
or other stabilization methodologies, collectively 207, are
located at the rear of the craft or other appropriate locations
for enhancing stability and in order to help steer the craft. As
illustrated in FIG. 2A, each external flap 206 is preferably
mounted so that it can be rotated around a pivot 208, and
raised or lowered according to arrows 209 in order to provide
additional lift during ascent and stability during descent of the
craft.

In a particular embodiment of the present invention, the
airship 200 may further include one or more external motors,
210, which may be a jet, turbojet, rotary blade, or propeller-
type engine that is preferably powered by hydrogen as its
energy source (but in alternative embodiments that may be
powered by jet fuel, gasoline, diesel or electricity, including
from solar cells mounted on the craft’s exterior). According to
the embodiment illustrated in FIG. 2, external motors 210
may be mounted along the main axis 204, or optionally may
be attached to the gondola 205, to one of more or external
flaps 206, or to the rear portion 203 of exterior shell 201.

Another advantage of the airship 200 is that, as illustrated
in FIG. 2-B, each external engine 210, can be optionally
mounted so that it can be rotated around one or more pivots
211, and turned according to arrows 214. This optional fea-
ture will permit external engines 210 to be turned so that the
leading edge of the engine 212 can be directed along the main
axis 204, perpendicular to that axis for take-off or landing,
and at any angle to help speed ascent or descent of the craft.
Additionally, in a particular embodiment, external engines
210 may be rotated laterally with the rear edge of the engine
213 directed away from the craft, to help maneuver the airship
sideways in the manner achieved by thruster engines in a boat.

The exterior of the craft 201 may be formed of a substan-
tially rigid material such as carbon fiber or any other suitable
light weight material; or alternatively any number of readily
available flexible and/or microfiber-based composite materi-
als; or any other hydrogen and helium retentive materials.
Although in an alternative embodiment, lighter-than-air craft
200 may employ a semi-rigid design (e.g., employing some
internal support such as a fixed keel), in a preferred embodi-
ment, the craft can employ a rigid (e.g., with full skeleton)
design. However, unlike the rigid design of older airships
such as the Zeppelin, which were constructed with steel mem-
bers, the internal structural elements employed in carrying
out the design for airship 200 will preferably employ materi-
als having the dual qualities of being lightweight and
extremely strong, such as carbon fiber or nano-tubes, graph-
ite, aluminum and various composite materials that are well
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known in modern aeronautical design. Any material that is
structurally strong and also light is within the scope of the
present invention.

One ofthe historical challenges of operating a lighter-than-
air craft is to control the ship’s landing, particularly in cases
where the landing area is tight and/or where weather condi-
tions such as high winds in or near the landing area may make
it exceedingly difficult to control a craft having such a large
surface area. In order to overcome this challenge, FIG. 2
depicts that the lighter-than-air craft 200 can include a rein-
forced connector 215 for a lightweight guide-wire cable or
tie-line. This optional feature is further illustrated in FIG. 2C,
which shows that guide-wire cable 216 may be physically
attached to connector 215 at an appropriate point at or near the
front of craft 200.

A pole higher than at least half the diameter of the craft can
be equipped with a gimble on its top that can swivel to any
angle. The attachment point 218 can be mechanically coupled
to this gimble. Once the lightweight guide-wire 216 engages
the attachment 218, a larger diameter tie cable can be fed
through the attachment 218. The craft can then be reeled in
and tied to the gimble so that it can align itself with the
prevailing wind much as a sailboat on an anchor. The aft end
of the craft can then be stabilized, either with an additional
tie-down or with another pole.

In order to direct the first guide-wire 216 into the attach-
ment 218, a small, remotely controlled unmanned, aerial
vehicle (also known as a “UAV” or “drone” craft) or a pro-
jectile fired from the airship for the same purpose, such as
illustrated by craft 217 may be attached to the other end of
guide-wire cable 216; and such UAV may be flown to the
landing area where guide-wire 216 can be tied to stationary
curb 218, and a hoist (not shown) may used by ground per-
sonnel to reel-in and safely secure craft 200. The UAV craft
may be flown by wireless techniques such as radio or light, or
by fly-by-wire where electrical signals are sent to it using
either a small electrical cable that runs along the guide-wire
216 (or that is the guide-wire), or by using a fiber optic cable
that runs with the guide-wire 216 (or is the guide-wire). The
UAV craft may be piloted from a remote console by the
dirigible’s pilot or a landing officer. The drone 217 could be
made maneuverable using airfoils and powered with a small
engine, all as is known in the art. The drone 217 or projectile
could contain a video camera, radar or other sensing or navi-
gation device such as GPS. The drone 217 can be configured
to hover or fly straight as needed for docking the larger craft.
A fired projectile, on the other hand, could be fired into a
receiving port that could optionally be equipped with an
electromagnetic field. While several methods and techniques
for tethering and docking the large craft have been presented,
any method of docking or attaching the craft to a tie-down or
support is within the scope of the present invention.

While FIG. 2 shows an embodiment of the lighter-than-air
craft of the present invention. Many other shapes are possible.
In some embodiments, the craft can be cigar-shaped with a
pointed or “needle” nose. The craft can also have a sharply
tapering tail. Designs with these features typically have lower
drag coefficients that result in higher speeds with lighter
engines. To increase the payload on such a design, the craft
can be lengthened. FIG. 2 also shows the craft with a gondola
205. Theuse of a gondola is optional to carry crew, passengers
or cargo. In some embodiments of the present invention, all of
the payload can be carried in a gondola. In other designs, the
craft may have no gondola or a small gondola simply for crew
with almost or all the payload being carried inside the main
hull. A gondola 205, if used, may be pressurized for high
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altitude flight (typically flights above 14,000 feet above sea
level will require pressurization).

Now turning to FIG. 3, an interior side view of the embodi-
ment of the airship 200 shown in FIG. 2 can be seen. Inside the
craft, one or more hydrogen storage compartments 301a-
301n, are preferably alternated with at least one or more
chambers or compartments 302a-3027. The hydrogen stor-
age compartments 301¢-301% can be high pressure storage
tanks or other storage devices. Thus, whereas the traditional
lighter-than-air craft may use a suspended structure generally
corresponding to gondola area 205 shown in FIG. 2 for car-
rying its payload (a technique that can be used with the
present invention), in many embodiments of the present
invention, storage compartments or tanks 301¢-301# are able
to be filled with hydrogen, preferably in either a compressed
or liquefied form as a payload. Chambers or compartments
3024a-3027 can contain a system of bladders 3054-305# that
are able to be filled with hydrogen or helium to afford the
additional lift needed to achieve buoyancy once at the desired
flight altitude.

Each of chambers 302a-302% generally includes an inlet
valve or vent, 303a-3037, and an outlet valve or vent, 304a-
3047, respectively; however, in many embodiments of the
invention, these may be the same, and there may only be one
set of openings or vents. The housing of chambers 302a-302r
may consist merely of the exterior walls of hydrogen storage
compartments 301a-301% and the interior walls of shell 201;
however, it is also possible that they can be constructed from
a separate flexible liner made of appropriate microfiber-based
composite materials or other hydrogen and helium retentive
material. As shown in FIG. 3, abladder system 3054-3057 can
be disposed inside chambers 302a-302n, respectively, to
divide the portion of each such chamber served by the valves
or vents. These bladders can be made of flexible microfiber-
based composite materials or any other hydrogen and helium
retentive materials, but in alternative embodiments may be
plates or bags made of polyvinyl chloride, polypropylene, or
any other suitable materials. Any hydrogen or helium reten-
tive material may be used to construct the bladder system and
is within the scope of the present invention. The bladders
305a-305n, in effect, can act as inflatable bags or accordion
type structures using fixed elements and flexible material.

Generally, each set of compartments 301a-3017 can con-
tain at least one high pressure hydrogen tank 301 (as is also
shown in FIG. 4) while compartments 302a-3027 can contain
one or more bladders 3054-3057.. One or more, lower pres-
sure hydrogen tanks 306 can be connected to the outlet of
each bladder. When additional lift or trim is desired, high
pressure hydrogen can be vented or pumped 309 from a high
pressure tank into a particular bladder 305 expanding it. As
the bladder 305 expands in the compartment or chamber 302,
air at ambient pressure is forced out of the compartment.
When less lift is desired, a pump 308 can take hydrogen out of
the bladder 305 causing the bladder to collapse and force it
into the second, lower pressure hydrogen tank 306. In this
manner, no hydrogen is mixed with air, vented or wasted. The
low pressure hydrogen can simply be saved in the lower
pressure tank, transferred to another tank, ducted to engines
to as a fuel, or it can be pumped back into the high pressure
tank using a second, high pressure pump. As a bladder col-
lapses, air at ambient pressure is drawn in from outside the
craft. In an alternative embodiment, the excess hydrogen can
also simply be vented to the atmosphere.

The bladder system described can selectively increase or
decrease the ratio of hydrogen to air in the chambers 302 to
control the amount of lift the craft achieves at every altitude
while ascending and descending taking into consideration the
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changing atmospheric pressure that naturally occurs when a
craft ascends and descends. This feature can be controlled
automatically by a computer program running on a typical
computer, server or other processor known in the art which
can simultaneously monitor external ambient pressure based
upon the altitude of the ship, the desired direction and speed
of ascent or descent, and the lift being achieved, so as to
optimize the flow of hydrogen to and from one or more
bladder or accordion chambers.

The unique configuration of these chambers or compart-
ments, the flexible bladder system and available hydrogen
supply will, in conjunction with the outside engines 210,
airfoils and the optional computer control, permit the bladder
system to be used to adjust the quantity and pressure of the
hydrogen or helium gas in the chambers to be sufficient for the
overall weight of the craft and its payload (including com-
pressed or liquefied hydrogen in storage tanks) and the
desired rate of climb to altitude, descent from altitude, and/or
maintaining relatively neutral buoyancy once the desired
flight altitude is attained.

The bladder system described allows simultaneous control
of both lift and fore-aft trim. When the craft is not moving
horizontally, adjustment of bladders in different parts of the
ship allow trim control. After the craft acquires a horizontal
speed, trim can also be controlled by the airfoils and engine
directions as described. At altitude and speed, the bladders
can be set to achieve approximately neutral buoyancy with
trim and with part of the lift then being provided by the
structure itself according to aeronautical principles with trim
being almost exclusively controlled by the airfoils and the
engine directions. In general, the craft of the present invention
ascends and descends at relatively slow horizontal speeds
relying on buoyancy control and moves at high horizontal
speeds at altitude for long distance travel relying on airfoils
and engines for thrust and/or control.

In accordance with the principles of the invention, the
foregoing system, method and apparatus is capable of lifting
an enormous amount of weight—on the order of 100 tons
(200,000 1bs.) or more—and of transporting its payload of
hydrogen or other cargo over long distances to where it is
needed with comparatively low cost with negligible to no
consumption of carbon-based fuel, and at a speed that is many
times faster than via ocean tanker. The craft of the present
invention may travel at speeds as high as several hundred
miles per hour at high altitudes.

The present invention has many advantages over the prior
art including the fact that the airship is able to land on an area
that is only slightly larger than the size of the craft itself and
to take off again with only modest ground facilities or refu-
eling. Another advantage is that once the maximum capacity
(by volume) of hydrogen storage tanks 301a-301# is reached,
the additional lifting capacity of airship 200 may be used to
carry a payload of freight and/or passengers in gondola area
205 at nearly zero incremental cost. Yet another advantage is
that rather than being required to “dead-head” return flights,
merely by filling hydrogen storage tanks 3014-301n and
chambers 302a-302r with a sufficient quantity of hydrogen or
helium for the return flight, such flights may be used in a
conventional fashion, either for freight or passenger transit
using gondola 205 and any cabins or storage holds built into
this area.

In another embodiment of the present invention, some
portion or all of storage compartments 301a-301~ may be
specially adapted to be filled with water. So outfitted, the ship
may be utilized counter-cyclical to its use for transporting
hydrogen as previously described for moving large quantities
of water, such as in connection with areas where climate
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change has reduced runoff from traditional snowpack or gla-
ciers. In these cases, the airship may be used to serve
upstream locations for which there presently exists no eco-
nomic means of reverse-gravity flow. In such instances, the
flexible bladder system of the instant invention or the cylin-
ders dedicated to compressed hydrogen used in other embodi-
ments can be adapted for the purpose of holding large quan-
tities of water or other liquids.

The present invention is very versatile for widespread com-
mercialization of hydrogen as a carbon-free alternative fuel
source in that it can be tailored to accommodate numerous
different operations. Thus, for example, whereas a particular
embodiment may entail the use of the craft to economically
transport payloads of water, the lighter-than-air ship may also
be used to transport various cargo payloads. Hence, in the
case of the foregoing example of Hawaii, an island blessed
with geothermal and wind resources that may fuel the pro-
duction of hydrogen that could be transported to California
for use, on the return flight, the ship may be used to transport
tourists and/or large quantities of food and paper goods that
are presently being shipped from California to Hawaii. This
practice may be applied in any number of ways that is tailored
to the particular socio-economic and political-geographic
needs.

Several examples will now be presented in order to illus-
trate the concepts of the present invention. The scope of the
present invention is not limited to the numbers or quantities
expressed in these examples. Straight hydrogen gas lift will
be first considered, followed by the power required to achieve
high speeds at altitude. Simplifying assumptions will be
made.

As part of the first example, consider an airship according
to the present invention designed to lift a maximum weight of
400,000 1bs.; cruise at an altitude 039,000 feet; and maintain
a maximum speed of 100 MPH at that altitude. Assume the
craft has the shape shown in FIG. 1 with a maximum diameter
ot 300 feet and a length of 1700 feet. For simplicity in this
example, this will be considered to be a cylinder of these
dimensions. The volume of such a cylinder is 120,165,919
cubic feet, or approximately 3,402,720 cubic meters.

Air at sea level has a density of around 1.225 kg/cu meter,
and at 39,000 feet, a density of around 0.316406 kg/cu meter
according to the standard atmosphere model. Thus, at sea
level, 3,402,720 cu. meters of air weighs about 4,168,332 kg,
and at 39,000 feet, it weighs about 1,076,641 kg. It is well
known that a body possesses lift (positive buoyancy) when
the weight of its displacement is greater than its total weight.
The total lift force is the weight of its displacement of air
minus the total weight.

Molecular hydrogen gas has a density of around 0.08988
kg/cu meter. Thus, if the entire cylinder was filled with hydro-
gen gas, the gas would weigh about 305,836 kg. The lift at sea
level would be 3,862,496 kg and at 39,000 feet 770,805 kg.
This results in a lift of 8,515,339 Ibs. at sea level and 1,699,
332 1bs. at 39,000 feet for the example given.

Of course, the ship is not a cylinder as assumed in this
example, and the entire structure would not be filled with
hydrogen gas. However, it can be seen that even neglecting
these simplifying assumptions, at altitudes much greater than
39,000 feet, there is entirely adequate gas lift using this size
ship for a total craft weight, including payload, of 400,000
Ibs. or greater.

The next example will consider speed at altitude, again
39,000 feet for this particular case. It is well known that to
maintain a particular speed in a fluid, the thrust force must
equal the drag force. Drag force is equal to V% times the drag
coefficient times the density times the cross-sectional area
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times the speed squared. Thus drag, and hence required
thrust, increases (or decreases) linearly with density and area,
and quadratically with speed.

The drag coefficient is independent of area, density or
speed and is related only to the type of flow and the shape of
the body. Since the air density at 39,000 feet is thin, the
assumption will be made that the type of flow is laminar with
aboundary layer. The drag coefficient for a bullet slug shaped
object (both ends) in this type of flow is around 0.3 (in
contrast, an extremely aerodynamic airfoil at zero angle of
attack has a drag coefficient of around 0.045). If the object is
made narrower (more cigar-shaped), the drag coefficient
decreases significantly.

Again, assuming a diameter of 300 feet (or radius of 45.72
meters) with a double bullet shape, the cross-sectional area is
about 6,467 sq. meters. 100 MPH is 45 meters/second. Using
the density of air at 39,000 feet from the standard atmosphere
01'0.316406 kg/cu meter, the drag force is 622,860 Newtons,
or 140,024 1bs. This thrust could be supplied by several con-
ventional jet engines.

Much higher speeds can be attained with a cigar-shaped
craft. Consider again for example a cigar-shaped craft of 100
feetin diameter with a friction coefficient 0£0.17. Inthis case,
the thrust required to maintain 350 MPH is 108,000 1bs. This
could be supplied by several conventional jet engines. A craft
100 feet in diameter with a length of 4000 feet configured as
acylinder totally filed with hydrogen could lift 2,226,232 1bs.
at sea level and 444,269 lbs at 39,000 feet. Thus, in this
example, a speed of 350 MPH is attained at altitude while still
lifting 222 tons of total weight to that altitude. A pointed or
“needle” nose and tail would add further to the aerodynamic
efficiency.

The above-discussed examples clearly show the feasibility
of constructing a hydrogen carrying craft that could lift 100
tons to 39,000 feet and maintain 300 MPH at that altitude with
only two engines. The examples show an abundant lift capac-
ity to lift the weight of the engines and payload as well as the
structural weight of the proposed craft.

As stated, in the preferred embodiment of the present
invention, the engines in the preferred embodiment burn
hydrogen (perhaps from a tank of highly compressed or lig-
uefied gas). The engines can also run on non-conventional
fuel such as hydrazine. Such engines are generally much
lighter than a conventional jet engine and will provide
adequate thrust for the craft of the present invention. Total
drag can be minimized by reducing the diameter of the craft,
using a pointed nose and possibly tail. The payload carrying
capability can then be increased by lengthening the craft. The
craft can thus be lengthened (within the bounds of structural
stability) to tradeoff payload carrying capacity against engine
and possibly fuel weight.

Turning to FIG. 5A, an alternative embodiment of a hydro-
gen airship is shown. In this embodiment, an aerodynamic
shaped ship 400 can be seen with a raised exterior tail 401 that
contains control surfaces 402, and several tiltable and rotat-
able engines 403. The engines can swing 360 degrees on a
gimble to push up, down or sideways for lateral motion to
simulate bow thrust on a naval vessel. The design tapers to a
thin tail 404.

A key feature of the embodiment shown in FIGS. 5A-5B
(as well as other embodiments) is that it can be constructed
from an exoskeleton made of equal-length tubular ribs or
spokes 410 that terminate in numerous identical hubs 411 as
shown in FIG. 6. One hub 411 can be used to join six spokes
that form a hexagon structure. Since the basic unit of the
structure is an equilateral triangle joined together to form the
unique circumference circle upon which the craft’s outer
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“skin” is attached, and thereby results in having exceptional
strength. FIG. 6 depicts a portion of a fuselage exoskeleton
made entirely from equal-length beams such as tubes acting
like spokes joined in hubs. While the spokes 410 can be made
of any light rigid material, the preferred material is carbon
fiber tubing of an outside diameter of approximately 2-3
inches. These tubes or even solid beams can typically be
approximately 20 feet long however, any length is within the
scope of the present invention. While hollow tubes are pre-
ferred for lightness, the spokes can alternatively be solid
beams. Round tubing is preferred; however, any cross-section
is within the scope of the present invention. The exoskeleton
of the present invention can support 100% of the structural
bearing weight of the craft.

In this embodiment, the exoskeleton is made up of six
spokes 410 coming together at each hub 411 in an equiangular
configuration. The entire set of spokes and hubs form numer-
ous hexagons that can extend into a cigar-shaped structure
that completely defines the final shape of the airship. The
structural element is a triangle, preferably an equilateral tri-
angle. While the triangles can be of any size, smaller triangles
are preferred to larger ones. It should be noted that while six
spokes per hub is the preferred configuration, any other num-
ber may be used as long as the basic structure results in
triangles.

FIG. 7 shows another view of part of an exoskeleton look-
ing through a fuselage. Again the spoke 410 and hub 411
structure can be seen.

Itis again emphasized that all of the spokes 410 making up
the airship can be of equal length, and all of the hubs 411 can
beidentical. A single hub can be used to construct the tail, 404
(FIG. 5A), by centering the hub in the tail. In an alternate
embodiment, the spokes can be brought together almost par-
allel into a bundle that can be terminated in a specialized
fitting. However, this requires a specially made tail hub. The
preferred method is to simply use a standard hub at the tail. At
the nose, a single, standard hub, just like all the other hubs,
can occupy the center of the nose. The spokes at the nose can
come straight into the hub, or a special hub can be use where
the spokes come in at an angle to the hub plate. A typical
airship made from this type of exoskeleton can be as large as
300 feet in diameter or larger at its widest point and over 1000
feet long, with a nose diameter of approximately 25 feet or
less. While these are typical dimensions, any size airship can
be constructed according to the same principles.

FIG. 8A shows the hexagonal structure created from the
spokes and hubs with a triangle being the smallest part of the
structure. FIG. 8B shows six spokes meeting at a hub.

FIGS. 9A and 9B show details of an embodiment of a hub
assembly 410. Six spokes 410 meet at a hexagonal or round
plate 414. A center axle 413 meets and positions the spokes
410. The preferred material for the plate and axle is also
carbon fiber material. Bonded receiving members 412 can
receive and retain each spoke 410. The receiving members
412 and the axle 413 can be positively bonded to the hub plate
414 using advanced adhesives designed for use with carbon
fiber materials. While these adhesives are preferred, any
method or manner of connecting or bonding the spokes to the
hub is within the scope of the present invention. An alternative
is to bond the spokes 410 directly to the hub plate 414 without
using a receiving member. It is also within the scope of the
present invention to bolt or rivet the spokes to the hub plate. A
typical dimension for the hub plate 414 is approximately 12
inches with a center axle 413 of around 4 inches in diameter.
Any other size hub or axle is within the scope of the present
invention. In FIG. 9A, the spokes extend all the way to the
center, where in FIG. 9B, they do not.
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The curvature of the airship can be achieved in one of
several ways. The first way is to allow the spokes 410 to
slightly flexed or curved between hubs 411. Since a typical
spoke is around 20 feet long and 2-3 inches in diameter, it will
easily flex to form the curvature of the airship. FIG. 10 shows
an example of this method where the spokes 410 are flexed
into a curve to line up with each hub. Different spokes can be
flexed to different curvatures to make up the shape of the
airship. A second method that can be optionally used with
shorter spokes is to bring each spoke into the hub at a prede-
termined angle with respect to the hub plate. In this second
method, the spokes can be straight or optionally flexed. The
third method is to have each of the spokes come into the hub
straight but be placed into the hub different amounts depend-
ing upon where the hub is located on the ship structure. This
allows each beam to be unflexed and straight. In any of the
three methods, it is preferred to have all spokes and hubs to be
identical.

The complete airship can be made by attaching a skin
material external to said exoskeleton at any number of points
to form the actual ship. As previously stated, this skin can be
any thin, strong material which will minimize air resistance as
it passes over and may even be a single material (i.e. Paramid
Synthetic Fiber KEVLAR™) to which a slick surface is
bonded (i.e. Polytetrafluoroethylene TEFLON™) or any
combination of materials that perform similar purposes. A
KEVLAR™ material impregnated with TEFLON

™ may be preferred. This type of material is strong with
little flex, and the TEFLON™ fills the pores in the KEV-
LAR™ material. This allows the skin to easily shed rain or
snow. A material called “Spectra Fiber” may also be used, or
any other fiber or material alone or in combination with one or
more fibers or materials to perform the same functional
requirements. The skin should be aerodynamically smooth
with as little dimpling as possible even when in forward flight
and adapted to shed water, ice and snow.

The exoskeleton structure described can also be used to
make other types of craft such as balloons and airships of
other shapes. In fact, the technique can be used to make a ship
of'any size. Because of the fact that all of'the spokes and hubs
are identical, the system is ideally suited for mass production.
Assembly becomes much easier since very few, or no special
parts need be made to complete the exoskeleton. As stated, the
airship skin material to form a ship like that shown in FI1G. §
can be tightly attached to the outside of the exoskeleton. This
material then forms the skin of the airship. Because the entire
skeleton of the airship resides just below the outer surface of
the airship, a tremendous amount of space, in fact almost
100% of the internal volume of the airship, is freed-up inside
the ship for payload.

Lift comes from hydrogen in bladders as previously
described. A preferred material for the hydrogen bladders is a
Mylar™ polyester to achieve minimum hydrogen molecule
migration through the material, but any material can be used
which minimizes the migration of hydrogen from the bladder
into ambient space. Also, a continuous flow of air through
each baftle compartment will continuously clear the bladder
area of any residual ambient hydrogen. This air can either
outtflow to the atmosphere or be fed into an auxiliary power
unit. Due to this feature there should be no residual hydrogen
anywhere within the airship, including the bladder compart-
ments themselves that could form a combustible mixture.

Although, as mentioned above, all of the features of the
system are not required in order to practice the principles of
the invention and thus some are optional. It is deemed appar-
ent that each of the features illustrated in the accompanying
drawings and the foregoing description are attractive and add
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to the usefulness of the invention. Additionally, although the
disclosure hereof has been stated by way of example of pre-
ferred embodiments, it will be evident that other changes and
modifications may be employed without departing from the
spirit and scope thereof. Each of these changes or modifica-
tions is within the scope of the present invention. The terms
and expressions employed herein have been used as terms of
description and not of limitation; and thus, there is no intent of
excluding equivalents, but on the contrary it is intended to
cover any and all equivalents that may be employed without
departing from the spirit and scope of this disclosure.

I claim:

1. An airship comprising:

a cigar-shaped exoskeleton formed from a plurality of
spokes, each of identical length and identical diameter
coupled to a plurality of identical hubs, each hub con-
necting six of said spokes in an equiangular configura-
tion, said spokes and hubs forming a plurality of poly-
gons that are interconnected to form a three-dimensional
shape of said airship;

a skin attached at a plurality of points to said exoskeleton
such that said skin is entirely external to said exoskel-
eton.

2. The airship of claim 1 wherein said spokes are carbon

fiber material.

3. The airship of claim 1 wherein said hubs each comprise
a plate adapted to be bonded to said spokes.

4. The airship of claim 1 wherein said polygons are equi-
lateral triangles.

5. The airship of claim 1 wherein said spokes are tubes each
approximately 20 feet long and approximately 2-3 inches in
diameter.

6. The airship of claim 1 having a largest diameter of at
least 300 feet.

7. The airship of claim 1 having a length of at least 1000
feet.

8. The airship of claim 1 wherein each of said hubs com-
prises a plate with a central axle tube and six spoke receiving
members attached to said plate and distributed around said
central axle tube.

9. A lighter-than-air craft comprising an exoskeleton
formed from a plurality of spokes, each of identical length
and identical diameter, coupled to a plurality of identical
hubs, each hub connecting six of said spokes in an equiangu-
lar configuration, said spokes and hubs forming a plurality of
equilateral triangles that are interconnected to form a three-
dimensional shape of said craft, said craft having a skin
attached to said exoskeleton.

10. The lighter-than-air craft of claim 9 wherein said is skin
attached at a plurality of points to said exoskeleton such that
said skin is entirely exterior to said exoskeleton.

11. The lighter-than-air craft of claim 9 wherein said
spokes are carbon fiber material.

12. The lighter-than-air craft of claim 9 wherein said hubs
each comprise a plate adapted to be bonded to said spokes.

13. The lighter-than-air craft of claim 12 wherein said plate
is carbon fiber material.

14. The lighter-than-air craft of claim 9 wherein said
spokes are tubes each approximately 20 feet long and
approximately 2-3 inches in diameter.

15. The lighter-than-air craft of claim 9 having a largest
diameter of at least 300 feet.

16. The lighter-than-air craft of claim 9 having a length of
at least 1000 feet.
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17. The airship of claim 9 wherein each of said hubs com-
prises a plate with a central axle tube and six spoke receiving
members attached to said plate and distributed around said
central axle tube.

18. A lighter-than-air ship having a cigar-shaped fuselage
with a nose and tail, said lighter-than-air ship including an
exoskeleton made up of a plurality of ribs, each rib being of
identical length and identical diameter, and a plurality of
identical hubs where each hub terminates in a plurality of ribs
so that said ribs and hubs form a plurality of polygons, and
where said polygons form a three-dimensional fuselage shape
with a single identical hub at said nose and a single identical
hub at said tail.

19. The lighter-than-air ship of claim 18 further comprising
a skin attached to said exoskeleton.

20. The lighter-than-air ship of claim 18 wherein said poly-
gons are equilateral triangles.

#* #* #* #* #*
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